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INTRODUCTION 
India is basically an agricultural country, where livestock constitute an 
important component of animal wealth. Likewise, India is also known for its rich 
fishery resources and occupies prestigious second rank next to China with regards to 
fish production from inland water bodies. Fishes are the most diverse vertebrate group 
with approximately 25,000 recognized species, comprising about half of all known 
vertebrate species. Fishes are an important source of protein for million of people 
worldwide. Since the early 1970s, 70 to 100 million metric tons of fishes are caught 
each year for food. People consume about 70 percent of fish caught, and nearly 30 
percent are used as animal feed that helps to produce other forms of proteins. 
Therefore, importance of fishes cannot be ignored as they provide flesh as a 
nutritional source, ornamental means and provide variety of essential by-products 
such as fish protein, fish glue, used as fertilizers, bait etc. In addition to protein, it 
contains carbohydrates, vitamins, (A, Bcomplex, and D) iron, calcium and other 
mineral salts, as well as highly digestible essential amino acids like taurine and fats 
(8-10%) rich in long chain omega 3 polyunsaturated fatty acids. Fish meals are also 
rich in a wide range of minerals and trace elements including zinc, selenium and 
copper. Fish^oil is rich in vitamins A and D with lower levels of vitamin E than in fish 
meal. Some larvivorous fishes such as Puntius sophore, Rasbora daniconius,Esomus 
danricus, Channa orientalis, Mystus vittatus and Trichogaster fasciatus generally 
feed on mosquito larvae, therefore used as means of biological control and is useful in 
controlling malaria, yellow fever and other dreadful diseases. Several species of 
salmonid parasites, such as Anisakis species (a nematode or round-worm), 
Diphyllobothrium species (a cestode or tapeworm) andNanopyetus salmincola are of 
public health concern? Inspite of being too much advantages, the population of fish 
species is going down tremendously due to the outbreak of diseases, particularly 
caused by platyhelminth parasites, leading to great loss in the economy of India 
therefore there is need to overcome the problem. 
Figure:! Shows Host- Trichogaster fasciatus 
Parasite- progenetic metacercariae of Clinostomum complanatum and 
infected liver of the host. 
Trichogaster . 
fasciatus ^ / 
Clinostomum 
complanatum 
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Figure 1 
Parasitic infections are most problematic when fish is consumed in its raw 
form or in improperly cooked form. An aquaculture assumes an expanding role in 
meeting consumer demands for fishery products, it is natural that they meet safety and 
quality standards. But fish diseases represent one of the most crucial problems and 
challenges in aquaculture production both from an economic and sanitary point of 
view. Global aquaculture production is estimated at nearly 10 million metric tons 
annually, and it contributes more than 12% of the total consumed fish and shellfish 
(Perez and Rodriguez, 1997). It is difficult to evaluate the real economic losses, due to 
different related factors, however it has been estimated that 10% of all cultured 
aquatic animals are lost as a resuh of infectious diseases (Leong and Fryer, 1993)._^ In 
fish diseases a simple association between the pathogen and fish does not occur. Jhe 
occurrence of disease upon interaction of the pathogen with the fish depends on the 
several host factors such as age, size, developmental stage, nutritional and 
reproductive status and immunological defenses of the host. Kurochkin (1984,1985) 
estimated that at least 30,000 species of helminthes had already been described from 
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' marine animals. Between 20,000 and 30,000 species of fish are known and each is 
likely to harbour a few species of helminthes. It follows that a very large number 
remains to be discovered and described. The digenetic trematodes which cause 
infection in fish represent largest group of platyhelminthes. About 1700 species of 
adult digeneans infect fish. Metacercariae are even more common than adults. Blood ; 
flukes cause considerable damage to the gills and impair respiration. Adult worms and 
eggs can physically obstruct the passage of blood, causes thrombosis and subsequent 
tissue necrosis (Hoffman et al, 1985). In chronic infections, adult worms disperse and 
become stranded in the heart, kidneys and caudal vessels. Metacercariae do not have' , 
debilitating effects on fish; sometimes even when the number of parasites is relatively ' 
high, no visible structural damage in the organs are observed. Sudden massive 
outbreak of infection is often fatal. Cercariae penetrate and encyst deeper in the 
tissues of small fishes and relatively larger cysts may interfere with organ function. 
Pronounced inflammatory response often accompanies penetration and early 
migration. Fish may even die from the penetration wounds caused by trematodes. 
They may cause some disruption of connective tissues, inflammatory cell 
proliferation, sometimes myofibrillar necrosis and reactive swelling of intermuscular 
septa. Digenean larvae which occur in liver and other visceral organs cause severe 
melanosis of the liver and visceral fibrosis. It also reduced growth and contributed to 
mortality of fmgerlings. These parasites also elevated P and y-globulin serum levels, 
but decreased albumin levels. 
During the course of their life cycle, larval stages pass from free living stage to 
an invertebrate host and then develop finally with or without a short free living period 
in definitive vertebrate host. Second asexual phase of reproduction in intermediate 
host has considerable importance as it helps in propagating their progeny in 
geometrical ratios. The metacercarial stage is important because ofjts longevity and 
potenfial to infect second intermediate host for a relatively longer period of time. 
Metacercariae which are motile feed on host tissue and cause damages, for example: 
Diplostomum in eye and brain of amphibians and fishes. Some other parasites cause 
minor hemorrhage resuhing in deficient feeding, shortening life span and fecundity of 
host. 
The metacercariae of Clinostomum complanatum is known as progenetic 
metacercariae showing advanced developed genitalia (which may or may not attain 
actual maturation). The metacercariae of C. complanatum is known to lodge in 
peritoneal cavity of Trichogaster fasciatus, which serve as second intermediate host 
of the parasite. Khalil (1971) listed over 50 species of trematodes from 15 families, 
occurring in a variety of freshwater fishes in Africa. One representative of 
Didimozoidae (parasites of fish tissues and internal cavities, Nematobothrium 
labeonis occurs in unencysted form in eye orbit of Labeo species in Sudan Nile), 
generally metacercarial infections are common in all inland water bodies in Africa 
and Near East ( Papema, 1964; Papema and Thurtson, 1968; Khalil, 1969; 1971; Van 
as and Basson, 1984) Piscivorous birds are said to be the definitive host of 
Clinostomum complanatum, while snail serve as the first intermediate host. It is said 
that aquatic birds help in the dispersal of aquatic snails, which may possibly be 
Bulinus truncatus, Lymnae and Melanoides tuberculata, and after that metacercaria 
find its way towards its second intermediate host i.e. its particular fish host. These 
parasites are also known to possess zoonotic potential as human case is reported in 
Korea (Chung et a/., 1995) caused by consumption of improperly cooked or raw fish 
which is a global public health problem affecting millions of people, particularly poor 
vulnerable groups in developing countries. About 700 million people around the 
world are at risk for food-borne trematode infections (FBT), 40 to 50 million people 
are infected with one or more of the parasite. However one of the major concerns 
today is disease outbreak among fishes leading to mass mortalities and consequent 
economic loss. Diseases caused by parasitic infections have adverse effects not only 
' on animal health but also on the environment. 
Life-cycle: - The life cycle of Clinostomum complanatum (Rudolphi, 1814) has been 
explained by many workers like Souza et al, (2001). Adult flukes lay their eggs in the 
mouth of heron host which get access into water when the birds dip their head into 
water to capture fish. These eggs are either embryonated or unembryonated. The 
developed ones hatch almost immediately upon reaching the water, while 
undeveloped eggs require about 19 days hatching. The active miracidia are covered 
with cilia having three pigmented eye spots arranged in a triangular form and contain 
a single germ ball. Upon coming in contact with snail they burrow into the tissue. 
Inside the snail, miracidia shed ciliated epithelium and migrate to digestive gland or 
liver. They are thin walled sac like creatures with three eye spots, but lack a birth 
pore. Inside them are several germ balls which develop into rediae. The first 
generation rediae escape from mother sporocyst and locate in digestive gland or liver. 
Each redia contains 3-15 developing daughter rediae. The second generation or 
daughter rediae are recognizable by cuticular folds, masses of developing cercariae 
and a birth pore in anterior fourth of the body. Cercariae after fiall development, 
escape from snail into water. They are pharyngeate and breviform i.e. having short 
furcae at the end of a short tail stem, 2 eyes and a longitudinal fin over dorsal side of 
the body. Upon coming in contact with fish, the cercariae attach to skin and burrow 
therein. In subcutaneous tissue and muscles, they develop in about 20 weeks into 
large precocious metacercariae known as yellow grubs. When infected fish are eaten 
by herons, the metacercariae release probably in proventriculus and migrate to buccal 
cavity. They attain sexual maturity in mouth of herons in 3 days, remain therein about 
two weeks and then are lost. In India,the second intermediate host is mainly 
Trichogaster fasciatus fish. (Bloch and Schneider, 1801). .^ It is a freshwater 
carnivorous fish, highly esteemed as food. Due to its carnivorous habit, it feeds on, 
mosquito larvae and can be recommended for stocking ponds and tanks as an 
antimalarial measure. 
Figure 2: - Life cycle oi Clinostomum complanaiuni. 
1. Indicates adult Clinostomum complanatum and definitive host of Clinostomum 
complanatum. (Bird, Ardea herodias). 
2. Indicates egg of the parasite. 
3. Free swimming miracidia released after full development penetrating into its first 
intermediate host i.e. snail. 
4. Indicates first intermediate host oi Clinostomum complanatum. (Snail) 
5. Cercariae escaping from snail into water and upon coming in contact with fish enter 
in its skin and peneterate into it for further development. 
6. Indicates second intermediate host (Trichoi^a.ster fasciatus) of Clinostomum 
complanatum, in which cercariae further develops into large metacercariae. Figure 
above showing metacercariae. 
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Figure 2: Life cycle oi CHnostomum complanatum 
Despite the economic importance of fish in our national economy and a significant 
component of food security system in India, attention has not been paid to improve 
the fish health and save them from an array of infectious agents including trematodes. 
Before embarking upon any control measure it is necessary to have an insightful 
background of the parasite metabolism, host-parasite relationship, diversification of 
biomolecules and adaptations found in micro and macro environment. Application of 
single method for the control has some limitations and has its own problems. 
Therefore, an integrated approach is being preferred. Apart from studying physiology, 
sound knowledge of parasite biochemistry is required for the development of new 
drugs and effective vaccines. The literature relating to biochemistry and physiology of 
trematodes have been reviewed by many workers (Von Brand, 1973, 1979, 
Barret, 1981, Smyth and Halton, 1983 Smyth, 1996 ). The biochemical peculiarities 
identified in the parasite and host can be exploited for the application of 
chemotherapeutic and immunologic control measures. 
Aim of the present study was to obtain basic informations pertaining to 
pathological enzyme markers like GOT, GPT, AcPase and AlkPase. Changes in 
polypeptide profile have also been studied in diseased and normal Trichogaster fish. 
In the present study, percent infection, worm burden and morphometric analysis of 
Trichogaster host has also been included. 

HISTORICAL REVIEW 
India is known for its rich fishery resources and occupies the prestigious 
second rank next to China, with regards to fish production from inland water bodies. 
But one of the major concerns nowadays is disease outbreak in ponds leading to mass 
mortalities and consequent economic loss. Diseases caused by parasitic agents, 
particularly platyhelminthes have adverse effects not only on fish health but also on 
environment and simultaneously on the economy. In India Trichogaster fasciatus fish 
is considered as highly esteemed food (Bhuiyan, 1964). It is a small carnivorous fish 
known to perform very important ecological role as it feeds on mosquito larvae, 
therefore can be recommended for the stocking tanks and ponds as an antimalarial 
measure (Bhatti, 1943b). 
Clinostomum complanatum (Rudolphi, 1814) is a common digenetic 
trematode that naturally parasitizes the throat and oesophagus of piscivorous birds 
like Ardea cocoi, Egretta alba, Egretta thula etc. (Lo et al., 1981). Infective larval 
stage is the excysted progenetic metacercariae, which are found in several species of 
fish, e.g., Trichogaster fasciatus, Loricariichthys platymetapon, Hoplosternum 
littorale, Parauchenipterus galeatus etc. The Trichogaster fasciatus fish has very 
common infection of C. complanatum in Northern India. The encysted metacercariae 
are responsible for causing yellow grub disease in fish (Silva-Souza & Ludwig, 2005) 
The infection rate in Trichogaster fasciatus fishes found in Aligarh region has been 
reported as high as 98-100% (Siddiqui and Nizami 1982). The metacercariae degrade 
the quality of forage fish and is also responsible for parasitic zoonosis in India 
(Cameron, 1945). Literature reveals that epidemiological, morphological and 
biochemical aspects of Clinostomum species, have been studied (Dhar and Kharoo, 
1986; Abidi and Nizami, 1987; Abidi et al, 1988; Dias et al, 2003; Silva-Souza and 
Ludwig, 2005; Adeyemo and Agbede, 2008). The_metacercariae occur in two forms 
i.e. excysted as well as encysted form. In India, at Aligarh region metacercariae of C 
complanatum have been reported to occur in non-encysted form in a fresh water fish 
(Siddiqui and Nizami 1982). The infection offish by C. complanatum metacercariae 
can unleash behavioural changes, disease and death on one hand, and economic loss 
on the other, (Eiras,1994; Vianna,2001;) the progenetic metacercariae also possess 
zoonotic potential (Kamo et al, 1962) infecting oral cavity of humans while eating 
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raw parasitized fish (Chung et al, 1995; Kitagawa et al, 2003). According to Eiras 
(1994) C. complanatum metacercariae can cause laryngopharyngitis and even death 
by asphyxia in humans. Kamo et al, (1962) reported the occurrence of anaemia in a 
Thailandese male whose eyes were infected by Clinostomum species. Tiewchaloem et 
al, (1999) and Souza and Ludwig (2005) studied the effect of parasitism on fish 
health. Analysis of parasite prevalence, mean intensity of infection and mean 
abundance were determined by Bush et al, (1997). Weight, standard length of 
Cichalosoma was determined and it was found that average standard length of 
infected individuals did not differ significantly from that of non-infected individual 
fish. Comparing mean Kn (condition factor) with standard value showed that infected 
fish has greater weight than expected (fCn>I.O) while weight of non-infected fish was 
equal to the expected theoretical value (Kn=1.0). The infected and non-infected 
individual did not differ in relation to total length and total weight. Elliot and Russert, 
(1949) and Vianna, 2001) detected no relafion between infecfion by Clinostomum 
marginatum and condition factor of Perca flavescens. The life cycle of C. 
complanatum (Rudolphi 1814) described by Souza et al, (2001) revealed that 
mollusk Biomphalaria pregrina was the first intermediate host. Ardea cocoi and P. 
brasilianus are the main definitive hosts. Whole or part of life cycle of the parasite 
has been studied by several authors who demonstrated that it includes mollusk as its 
first intermediate host, fish as its second intermediate host and a fish eating bird as its 
defmifive host (Hunter and Hunter, 1934; Cort et a/., 1950; Edney, 1950; Fried et al, 
1970; Lo etal, 1980, 1981, 1982; Abidi andNizami, 1987; Larson and Oglem, 1990; 
Kalantan et al, 1991; Liao, 1993; Chung et al, 1998; Ludwig and Souza, 2000; Dias 
et al, 2001; Dias, 2002; ). Some specific mollusk species such as Radix auricularia 
coreana by Chung et al, 1998; Radix auricularia swinhoei by Lo et al, 1981; 
Heliosoma antrosum and Heliosoma complanatum by Hunter and Hunter, (1935) 
were considered to be as first natural intermediate host of Clinostomum complanatum. 
Biomphalaria glabrata was also reported as a first intermediate host of this parasite 
by Dias, (2002). 
i First human case of infection by metacercariae of Clinostomum species was 
reported in Korea in a 56 year old man (Chung et al, 1995) known as Clinostomum 
pharyngitis. Park et al, (2009) reported second human case in Korea which also 
occurred by the consumption of parasitised raw fish. During infection, the parasites 
get attached to the surface of mucous membrane of throat and resuU in a cHnical 
^syndrome known as halzoun. Halzoun is a type of condition known to occur by 
consumption of infected improperly cooked or raw flesh and sometimes during 
infection the nasal discharge contain the causal organism. Kuhne et al., (1990) 
reported the case of nasopharyngeal linguatulosis known as halzoun syndrome in 
which nasal discharge of infected person contained nymphs of Linguatula serrata, 
which show symptoms like coughing, hoarseness, dysphagia, etc. The infection 
mostly occurred by the consumption of perch, Lateolabrax japonicus which is 
commonly eaten raw in Korea. Parasitic infections of zoonotic potential have also 
been reported by Yamashita, (1938); Hirai et a/., (1987); Umegai et al, (1990); and 
Yoshimura et al., (1991). DNA segment of both Clinostomum marginatum 
(Rudolphi, 1819) obtained from a little egret Egretta gargzetta (Lirmaeus, 1766) and 
Clinostomum complanatum (Rudolphi 1819) obtained from great blue heron Ardea 
herodias (Linnaeus, 1758) were amplified, sequenced and aligned. The resulting 
alignment was used to develop a genetic array to differentiate between the species. 
The metacercariae of Clinostomum species develop in fish and is pathogenic to 
fingerling of cichilids (Papema, 1996). Histopathology of Oreochromis niloticus fish 
tissue was studied by Adeyemo and Agbende, (2008) which was known to be infected 
by Clinostomum tilapiae. 
Moore et al, (1984) reported that parasitic infection in Gyrodactylus fish 
created problems in its respiratory function of skin and gills, thus fish became dull, 
feeble, frequently swinging to water surface with erratic movements and died due to 
exhaustion. Eosinophilic dermatitis associated with C. complanatum infection 
observed in the fishes. Symptoms of Clinostomid infection may cause retarted 
growth, weight loss and pronounced exopthalamus. Malek and Mobedi, (2001) 
studied variation in prevalence and abundance of metacercariae of Clinostomum 
complanatum recovered from Capoeta capoeta gracilis. Reproductive fitness, growth 
rate and survival have been reported to decrease in infected fish with Clinostomum 
complanatum. Chopra et al., (1983) reported some biochemical aspects like 
Glycogen, protein, alkaline and acid phosphatase enzymes in fish. Schizothorax fish 
species are known to be infected by metacercariae of Diplostomum tetrai (Singh et 
al, 1981) infesting skin, gills, fins and operculum of the fishes which is recognized as 
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causal agent of black spot disease and it iias been observed to damage scales and 
caused bulging of eyes (Van Dujiin, 1956). 
Morphometric analysis is mainly used for identification of fishes, but can also 
describe both the phenotypic variation and the similarity between the hybrid and 
parental species (Grossman and Buss, 1965; Cowx, 1983; Crivelli and Dupont, 1987; 
Bianco, 1988; Procarione et al.. 1988; Kerby and Harrel, 1990; Kerby, 1993). 
From the above, discussionsjit can be concluded that the helminthic infections 
are not only a menace to fish health but they also have zoonotic importance affecting 
human health. Review of the literature shows that most of the work related to 
Clinostomum species are carried out on life cycle and morphology. Little attempt has 
been made on biochemical aspects of this parasite. Pathophysiological and 
pathobiochemical studies are almost neglected. Considering the significance of fish 
health, human health and Indian economy, ample amount of research work is 
required. 
In the present endeavor we have attempted to explore few pathophysiological 
and pathobiochemical aspects arisen due to Clinostomum complanatum infection in 
Trichogaster fasciatus fish. 
11 
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MATERIALS AND METHODS 
Collection of fish 
Trichogaster fasciatus fishes were collected from local fish market of Aligarh. 
Morphometric Analysis: - The measurement of structure or parts of an organism is 
known as morphometry and the characters which are to be measured are known as 
morphometric characters. It is mainly used for the identification of different fishes but 
in the present study the main purpose of morphometric analysis was to correlate the 
Clinostomum infection with the size of the fish as to check whether there is any 
difference in the abundance of the parasite in small sized and large sized fishes. In the 
present study around six morphometric characters were measured with the help of fine 
divider and finally with a meter rule. 
The total length, standard length, head length, depth of the body, snout length 
and pre-dorsal length were measured of Trichogaster fasciatus fish. 
Total length: - It is measured from the tip of the snout to the tip of the caudal fin. 
Standard length: - It is measured from the tip of the snout to the base of the caudal 
fin. 
Length of the head: - It is measured from the tip of the snout to the posterior most 
bony extremity of the opercle. 
Height or depth of body: - It is measured along the vertical line at hs deepest part. 
Snout: - It is measured from the tip of the snout to the anterior margin of the orbit. 
Pre-dorsal length: - It is measured from the tip of the snout to the origin of the dorsal 
_fin. 
Collection of Metacercariae "^  
Trichogaster fasciatus fishes were dissected out and the fresh metacercariae of 
Clinostomum complanatum were collected from body cavity. Liver and intestine of 
both infected and non-infected fishes were used for a comparative pathobiochemical 
study. The collected samples were either used immediately or stored at -20°C until 
fiirther use. The parasite and tissues were washed in Phosphate buffered saline (pH=7) 
in order to remove debris. Homogenate was prepared in Phosphate buffered saline 
containing sucrose (pH=7.4) for polypeptide profile andjssay of different enzymes 
like transaminases and phosphatases. 
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Percent incidence, Intensity, Density and Infestation index of the metacercariae of 
Clinostomum complanatum is calculated. 
The calculations are as follows: -
Number of infected host 
1. Percent Incidence = - — ; — : X 100 
Number of host examined 
Worm burden 
2. Intensity = 
3. Density = 
Number of host infected 
Worm burden 
Number of host examined 
Total number of parasite 
4. Infestation index = --—;; — •—-~;X number of infected host 
(Number of host examined)'^  
Biochemical and Pathological studies 
For biochemical and pathological studies including macromolecules like protein and 
some pathological marker enzymes like GOT, GPT Acid and Alkaline phosphatases 
were estimated by standard spectrophotometric method. 
Protein Estimation: - Protein estimation was performed by dye binding method of 
Bradford (1976) as modified by Spector (1978). The dye reagent consists of CBBG-
250 (0.01% w/v), Ethanol (5% w/v) and Orthophosphoric acid (10% w/v). Bovine 
serum albumin (BSA) was prepared in O.IN NaOH as standard protein marker and 
protein content was measured in a linear pattern from 1 to lOjug / 2.1 ml of total assay^ 
volume at a wavelength of 595 nm. 
Pathological studies: - For pathological studies some pathological marker enzymes 
like GOT, GPT, Acid and alkaline phosphatase were assayed. 
1. Glutamate Oxaloacetate Transaminase Assay (GOT) (E.C. 2.6.1.1) 
For GOT enzyme assay an enzyme kit from Span diagnostic company was purchased 
and the company instructions were followed. The enzyme assay principle based on 
Reitman and FrankeJ Method (1957). 
Assay Principle: - Aspartate Aminotransferase (AST) catalyses the transamination of 
L-Aspartate and a- Ketoglutarate (a-KG) to form oxaloacetate and L-Glutamate. The 
oxaloacetate formed reacts with 2-4, Dinitrophenyl hydrazine (2-4 DNPH) to form a 
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corresponding hydrazone, a brown coloured complex in alkaline medium and this has 
been measured spectrophotometrically at 505nm. 
Reactions are as follows: 
1. a- Ketoglutarate + L- Aspartate ^ Oxaloacetate + L- Glutamate 
2. Oxaloacetate + 2,4-DNPH , Corresponding Hydrazone (brown colour) 
2. Glutamate Pyruvate Transaminase Assay (GPT) (E.C 2.6.1.2) 
GPT enzyme assay was performed using Span diagnostic kit. The assay principle is 
based on Reitman and Frankel Method (1957) which is used for the estimation of 
GPT enzyme activity for the present study. 
Assay Principle: Alanine aminotransferase (ALT) catalyses the transamination of L-
Alanine and a- Ketoglutarate (a-KG) to form pyruvate and L-Glutamate. The 
pyruvate then reacts with 2-4, Dinitrophenyl hydrazine (2,4-DNPH) to form a 
corresponding hydrazone, a brown coloured complex in alkaline medium and this has 
been measured spectrophotometrically at 505nm. 
Reactions are as follows: 
1. a- Ketoglutarate + L- Alanine ^ Pyruvate + L- Glutamate 
2. Pyruvate + 2,4-DNPH ^ Corresponding Hydrazone (brown colour) 
3. Alkaline Phosphatase Assay (ALP) (E.C. 3.1.3.1) 
ALPase assay has been performed using Span diagnostic kit. The assay principle is 
based on Kind and King's method (1954) and is used for the estimation of enzyme 
activity. 
Assay Principle: - Alkaline Phosphatase from serum converts Phenyl Phosphate to 
inorganic phosphate and Phenol at pH 10.0. Phenol so formed reacts in alkaline 
medium with 4-Aminoantipyrine in presence of the oxidizing agent Potassium 
Ferricyanide and forms an Orange-red coloured complex, which is measured 
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spectrophotometrically at 51 Onm. The colour intensity is proportional to the enzyme 
activity. 
Reaction can be represented as: 
„, , „, , Alk. Phosphatase 
Phenyl Phosphate >• Phenyl + Phosphate 
„, , ^ . . . . Pot-Ferricyanide 
Phenyl + 4- Aminoantipyrme *> Orange-Red 
^ ^ complex 
4. Acid Phosphatase Assay: - (E.C. 3.1.3.2) 
Enzyme activity of acid phosphatase was determined following the method as 
described by Bergmeyer et al, (1974). The assay mixture with a total volume of 1.1 
ml containing 0.28 ml of 0.05 M acetate buffer, pH 5.0, 8 mM substrate (p-
nitrophenyl phosphate, Sigma chemical Co, U.S.A.) and 0.02 ml of protein sample. 
The enzyme reaction was allowed for 60 minutes at 37°C and thereafter stopped by 
adding 0.02 N NaOH. The liberated p-nitrophenyl was measured at 420 nm. Finally, 
the enzyme activity was calculated with reference to a previously calibrated curve of 
known concentration of p-nitrophenyl (Sigma chemical Co, U.S.A.). 
>SI)S-PAGE (Sodium Dodecyl sulphate Polyacrylamide gel Electrophoresis); - For 
Electrophoretic analysis of the soluble proteins parasite and host tissue samples were 
homogenized and centrifuged at (10,000xg) for 20 minutes. Supernatant was collected 
for polypeptide analysis following Laemmli's (1970) protocol using a separating 
(10%) and stacking (5%)_gel in Bangalore Genei Assembly (India). 
Stock solution 
Acrylamide/ Bisacrylamide (30% T, 2.67% C) 
1. Acrylamide-29.2g/l00ml DDW 
2. N'N'-bis-methylene-acrylamide-0.8g/100mlDDW 
3. 2% (w/v) SDS 
4. 1.5M Tris HCl, pH-8.8 (lower gel buffer) 
Tris base- 18.15g/100ml DDW 
Adjust pH 8.8 with 6N HCl, filter with Whatman no.l filter paper and store at 
4°C. 
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5. 0.5M Tris HCl, pH 6.8 (upper gel.buffer) 
Tris base 6g/100ml DDW 
Adjust pH 6.8 with 6N HCl, filter with Whatman no.l filter paper and store at 
4°C. 
6. 1X Running Buffer- 1000ml 
Tris buffer- 3.03g 
Glycine - 14.4g 
SDS - Ig 
DDW - 1000ml 
7. 10% ammonium per sulphate (APS) 
Gel casting: - The separating gel solution of 10% was prepared using fresh APS. The • 
solution was poured into the mould. A distance of about 2cm was left for stacking gel. 
After complete polymerization, a solution of 5% stacking gel was poured over the 
'^ resolving (separating gel) gel. A comb measuring about 1mm thickness was inserted 
inside the stacking gel immediately and allowed to polymerise at room temperature. 
After polymerization, comb was removed and the wells were rinsed with distilled' 
water to remove unpolymerised gel, if any. 
Sample preparation: - The soluble protein content was mixed with Laemmli's sample 
buffer (0.625M Tris HCl, pH-6.8) containing 5% (v/v) P-mercaptoethanol, Glycerol 
and Bromophenol blue in 3:1 ratio and incubated for 7-8 minutes in boiling water. 
The standard high molecular weight protein marker of Bangalore Genei (India) is 
used which consists of protein with a molecular weight ranging from 250,000,(Da) 
(Myosin Rabbit Muscle) 97400,(Da) (Phosphorylase b) 66,000, (Da) (Bovine Serum 
Albumin) 43,000, (Da) (Ovalbumin) and 29,000,(Da) (Carbonic Anhydrase). 
Electrophoretic condition: - Soluble protein samples as well as standard protein 
marker were loaded in separate wells and the electrophoresis was carried out on 
vertical slab gel system (Bangalore Genei Assembly) at 4°C using a constant current 
of 20mA/slab until marker tracking dye reached approximately 1 cm before the end of 
the gel. 
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Staining of the Gels 
Coomassie Brilliant Blue-R 250 (CBBR-250) staining: - After completion of 
electrophoresis, gels were stained in 0.25% (w/v) CBBR-250 stain prepared in a 
fixing solution of Methanol: Water: Acetic acid in 50:40:10 ratio. The overstained 
gels were destained in high destaining solution (HDS), Methanol: Water: Acetic acid 
in 45:45:10 ratio for 20-30 minutes and this was foUqwed by immersion of gel in low 
destaining solution (LDS) which consisted of 7% (v/v) acetic acid and 5% (v/v) 
methanol. 
Each Coomassie stained gel was scanned using computer software for further 
analysis. 
Molecular Weight Determination: - The relative mobility (Rf) of each polypeptide 
was calculated as follows: 
Distance of migrated polypeptide 
Distance of migrated tracking dve 
The Rf value of individual polypeptide was calculated with the help of their migration 
distance. Subsequently molecular weight (Mr) of each polypeptide was determined 
with the help of a standard graph of known molecular weight marker proteins against 
their Rf values. 
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RESULTS 
Results of the present work include a number of studies such as morphometric 
analysis of normal and infected fish harbouring C. complanatum infection, percent 
prevalence, intensity, density and infestation index of the worm (i.e. metacercariae of 
Clinostomum complanatum). 
Some important pathological marker enzymes like GOT, GPT, AcPase and 
AlkPase were assayed to study pathological damages caused by the progenetic 
metacercariae in Trichogaster fasciatus. Further the present study includes effect of 
two enzyme modulators, iodoacetamide and EDTA, on the activity of GOT, GPT, 
AcPase and AlkPase enzymes. 
Total protein content was measured in parasite (metacercariae of Clinostomum 
complanatum] and m Hver and intestine of infected and normal host to check the 
effect of parasitism on protein level in fish tissues. 
SDS-PAGE (Sodium dodecyl sulphate Polyacrylamide gel electrophoresis) was also 
carried out to study polypeptide profile in parasite as well as in liver and intestine of 
infected and normal fish. 
The results are organized as follows: -
1. Morphometric analysis 
2. Percent incidence, intensity, density and infestation index. 
3. Total protein estimation 
4. Pathophysiological study (GOT, GPT, AcPase and AlkPase enzymes) 
5. Effect of enzyme modulators 
6. SDS-PAGE 
Study of Morphometric characters of fish host Trichogaster fasciatus 
In the present study average length of fish is taken into account which revealed that 
the size of fishes is not directly related to the abundance of the parasite. ' • 
Results of morphometric analysis shown in Table 1 and Figure 3. ' '' 
Results of % prevalence. Mean intensity of infecfion (Mil), Mean density of infection 
(MDI) and Infestation index (li) are shown in Table 2 and Figure 4. 
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Table 1: Morphometric analysis of Trichogaster fasciatus (host) 
Morphometric characters of Trichogaster 
fasciatus 
Total length 
Standard length 
Depth of body 
Pre-dorsal length 
Head length 
Snout length 
Values of morphometric analysis 
7.64±0.095 
6.04±0.083 
2.49±0.042 
2.27±0.026 
1.92±0.025 
0.49±0.004 
All the values are mean of three replicates. 
±SEM. 
All the values are calculated at p<0.05 significant level. 
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Table 2: Parasitic Index of Clinostomum complanatum in Trichogaster fasciatus of 
Aligarh region (N= number of fish examined, Ni = number of infected fish, P (%) = 
Prevalence, Mil = Mean intensity of infection, MDI = Mean density of infection and 
li^nfestation index. 
Month 
August 2009 
September 2009 
October 2009 
December 2009 
January 2010 
February 2010 
March 2010 
April 2010 
May 2010 
June 2010 
Total 
N 
3 
12 
10 
6 
22 
25 
18 
25 
105 
32 
258 
Ni 
2 
12 
10 
5 
15 
12 
10 
25 
100 
32 
223 
P (%) 
66.66 
100 
100 
83.33 
68.18 
48.00 
55.55 
100 
95.23 
100 
86.43 
Mil ± SEM 
20.0±1.0 
12.41±2.81 
19.95±3.29 
31.16±15.16 
22.94±5.62 
10.62±4.37 
22.30±5.70 
11.24±0.62 
10.78±1.95 
9.75±0.25 
12.26 
MDI ± SEM 
14.75±4.25 
12.41±2.81 
19.95±3.29 
25.37±9.37 
14.79±5.22 
4.66±1.33 
10.0±4.0 
I1.24±0.62 
9.54±1.54 
9.75±0.25 
10.6 
li 
12.12±6.87 
12.41±2.81 
19.95±3.29 
21.03±5.03 
10.04±4.09 
2.08±0.31 
6.50±0.50 
11.24±0.62 
8.81±1.70 
9.75±0.25 
9.16 
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Figure: - 3 Morphometric character offish Trichogaster fasciatus 
TL: - indicates Total length 
SL: - indicates Standard length 
DB: - indicates Depth of the body 
Pdl: - indicates Pre- dorsal length 
/TIL: - indicates Head length 
SnL: - indicates Snout length 
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Figure: - 4 Percent prevalence of infection of Clinostomum complanatum in 
Trichogaster fasciatus in Aligarh region. 
Percent Prevalence of Infection 
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The data showed that the total length of fishes lies from 5-9.2 cm. The average total 
length of Trichogaster fasciatus was found to be 7.64cm and the mean of standard 
length is 6.04cm, average of pre- dorsal length 2.27cm, head length 1.92cm and the 
smallest size of snout is calculated as 0.49. It was observed that fish with a total 
length of around 5cm contains numerous parasites while fishes of total length of about 
8cm were non-infected. Therefore, it can be assumed that size of the fish 
correspondingly does not play much important role in determining the rate of 
infection. Among the 258 individuals of T. fasciatus taken, 223 were found to be 
infected (Prevalence = 86.43%) and with a total number of 1 to 250 metacercariae of 
Clinostomum complanatum (Mil = 12.26). High value of prevalence showed that in 
spite of low number of parasites at least one specimen of metacercariae of 
Clinostomum complanatum recovered from the less infected fish. The highest percent 
prevalence of infecfion was observed in September 2009, October 2009, April 2010 
and in June 2010 (100%) (Table 2). Attempts have been made for month-wise 
sampling, and the parasitic index values showed that infection mostly occurred in 
summer. The largest numbers of specimens were collected in the month of May 2010. 
During the present investigation, some pathophysiological and biochemical studies 
have been performed. The results obtained are given below. 
Pathophysiological study 
Among different host of trematode, Trichogaster fasciatus serve as second 
intermediate host of digenean trematode Clinostomum complanatum. In the present 
study, parasite as well as tissue samples such as liver, intestine of infected and normal 
fish were used for the estimation of biochemical component such as protein and some 
known pathological marker enzymes like Glutamate oxaloacetate transaminase 
(GOT), Glutamate Pyruvate Transaminase(GPT) alkaline phosphatase and acid 
phosphatase were also assayed. 
93 
Protein 
The level of protein content in metacercariae of Clinostomum, liver and intestine of 
infected fish was determined and compared with normal fish tissues. The data 
revealed depletion in protein content of infected liver and intestine around 1.4 fold 
higher level of protein in liver of normal fish and around 2 fold higher level of protein 
in intestine of normal fish under study as compared to infected tissues. 
Results of the level of protein content in parasite as well as host tissue samples are 
summarized in Table 3 and Figure 5. 
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Tables: The level of protein content in metacercariae of Clinostomum complanatum, 
liver, and intestine of infected and normal Trichogaster fasciatus fish (host). 
Parasite / tissue 
Metacercariae of Clinostomum 
Liver of Infected fish 
Liver of normal fish 
Intestine of Infected fish 
Intestine of normal fish 
Protein (mg/gm) 
21.2±0.95 
30.2±1.48 
41.0±0.50 
4.16±0.40 
8.3U0.12 
All values are mean of three replicates. 
±SEM. 
?'> 
Figure; - 5 The level of protein content in metacercariae of Clinostomum 
complanatum, and different tissues of infected and normal fish. 
LIF : indicates liver of infected fish 
LNF: indicates liver of normal fish 
IIP: indicates intestine of infected fish 
INF: indicates intestine of normal fish 
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Enzymes: - During present study, level of some enzymes like acid and alkaline 
phosphatases, GOT and GPT were assayed. These enzymes are important from 
pathological point of view because alterations in the amount and activity of these 
enzymes may occur due to cytolysis in case of infected tissue^. Therefore a 
comparative account of enzyme activity in normal and parasitized tissues of fish host 
has been investigated. 
I Aspartate (GOT) and Alanine transaminase (GPT): Elevation in level of these 
enzymes was recorded in liver of infected fish in comparison to liver of normal fish 
while the level of these enzymes were found to be lower in intestine of infected tissue 
in comparison to intestine of normal host. 
Acid and alkaline phosphatase:- A similar trend was observed in phosphatase 
enzyme activities in both normal as well as infected tissues. Elevation in level of acid 
and alkaline phosphatase was recorded in liver of infected fish as compared to normal 
fish while the level of these enzymes were found to be lower in intestine of infected 
, tissue as compared to normal intestine of the fish. 
The results of GOT , GPT, acid & alkaline Phosphatase are summarized in 
Table 4 and Figures 6, 7, and 8. 
In the present study, GOT, GPT as well as AcPase and AlkPase enzyme levels 
were determined in the Clinostomum complanatumA.5 fold higher level of GOT 
recorded in Clinostomum complanatum on comparing GPT and around 6.9 fold higher 
level of acid phosphatase recorded in Clinostomum complanatum on comparing 
alkaline phosphatases. Around 2 fold higher level of GOT recorded in liver of 
infected fish in comparison to normal fish tissue, while the level of GOT found to be 
1.6 fold higher in intestine of non-infected fish.3.5 fold higher level of GPT esfimated 
in liver of infected fish in comparison to liver of normal fish, while 2 fold higher 
level of GPT recorded in intestine of normal fish in comparison to intesfine of 
infected fish. 1.3 fold higher level of acid phosphatase recorded in liver of infected 
fish than liver of non-infected fish and 2.3 fold higher level of acid phosphatase in 
intestine of normal fish in comparison to intesfine of infected fish, similarly 1.1 fold 
higher level of alkaline phosphatase recorded in liver of infected fish in comparison to 
liver of normal fish, while 1.5 fold higher level found in intestine of normal fish in 
comparison to intestine of infected fish. 
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Table 4: The level of various enzymes in parasite, normal and infected fish tissue 
Biochemical 
components 
GOT* 
GPT* 
Acid** 
Phosphatase 
Alkaline*** 
Phosphatase 
Clinostomum 
complanatum 
(metacercariae) 
4.874±0.0352 
1.085 ±0.054 
3.675 ±0.392 
0.523 ±0.054 
Fish Liver ' i 
Normal fish 
2.076 ±0.044 
0.769 ±0.047 
2.441 ±0.164 
0.0834±0.0014 
Infected fish iyv 
3.962 ±0.101 
2.625 ±0.137 
3.114±0.147 
0.0896±0.0011 
1 
Fish Intestine ^^ 
Normal fish 
0.809±0.112 
0.844±0.107 
3.248±0.092 
2.201±0.405 
Infected fish^  .^ 
0.500 ±0.026 
0.4187±0.253 
1.4073±0.157 
1.504 ±0.010 
All the values are mean of three different replicates. 
±SEM. 
* IU/1 /mg protein/h 
** |xgpnp liberated/mgprotein/h ^ ' 
***KA units /mg protein/min 
All the values are calculated at p<0.05 significant level. 
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Figure: - 6 Level of GOT and GPT in metacercariae of C. complanatum and different 
tissues of infected and normal fish. 
GOT—> Glutamate oxaloacetate transaminase 
GPT^ Glutamate pyruvate transaminase 
C.complanatum: Clinostomum complanatum: 
LIF : indicates liver of infected fish 
LNF: indicates liver of normal fish 
IIP: indicates intestine of infected fish 
INF: indicates intestine of normal fish 
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Figure: - 7 Level of acid phosphatase in metacercariae of C. complanatum and 
different tissues of infected and normal fish. 
C.complanatum: Clinostomum complanatum: 
LIF : indicates liver of infected fish 
LNF: indicates liver of normal fish 
IIP: indicates intestine of infected fish 
INF: indicates intestine of normal fish 
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Figure: - 8 Level of alkaline phosphatases in metacercariae of C. complanatumand 
different tissues of infected and normal fish. 
C.complanatum: Clinostomum complanatum: 
LIF : indicates liver of infected fish 
LNF: indicates liver of normal fish 
IIP: indicates intestine of infected fish 
INF: indicates intestine of normal fish 
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It can be concluded from the above results that biochemical profile of 
parasitized fish is altered when compared with normal fish tissues under study. 
Protein in infected fish tissue was found to be depleted as compared to normal fish. 
Besides, protein some pathological marker enzymes like GOT & GPT as well as acid 
and alkaline phosphatase enzyme were found to be elevated in only liver of infected 
fish while high level of enzymes was found in the intestine of normal fish as 
compared to intestine of infected fish. 
The effect of enzyme modulators like EDTA and iodoacetamide on the activities 
of GOT, GPT as well as acid and alkaline phosphatase enzymes 
In the present study, the data revealed that in presence of EDTA and iodoacetamide, 
GOT, GPT and acid phosphatase activity was stimulated in the metacercariae of 
Clinostomum complanatum, while both the en^me modulators inhibited alkaline 
phosphatase enzyme in the same parasite. 
The results of percent stimulation and inhibition by EDTA and iodoacetamide 
on pathological marker enzymes GOT, GPT, acid and alkaline phosphate are 
summarised in Tables 5,6,7 and 8 and Figures 9, 10, 11 and 12. 
Effect of enzvme modulators on trasaminases and acid and alkaline phosphatase 
present in host tissues: -
Transaminases: - Iodoacetamide stimulated the GOT enzyme activity in both the liver 
of infected and normal fish showing 9.24% and 9.11% activation in liver of normal 
and infected fish respectively. Similarly, elevation of enzyme activity was recorded in 
acid phosphatase as 80.6% in liver of normal fish while 8.4%» elevation in liver of 
infected fish. EDTA showed about 5.78% Inhibition in the activity of GOT in liver of 
normal fish but 2.97% activation in case of liver of infected fish. Besides this, the 
level of acid phosphatase increased about 12.7%) in liver of normal fish and 19.9 %> in 
liver of infected fish in presence of EDTA. 
Further, GPT enzyme activity was found to be activated by both the enzyme 
modulators in liver of normal fish, about 96.4%) in presence of iodoacetamide and 
5.72%) level of stimulation in presence of EDTA. In contrast GPT activity showed 
92.79%) inhibition in its enzyme activity in case of liver of infected fish in presence of 
T ) 
Table 5: Effect of enzyme modulators on GOT enzyme 
Enzyme 
Modulators 
lodoacetamide 
EDTA . 
Clinostomum 
complanatum 
(metacercariae) 
5.413±0.16I 
(+11.05) 
5.349±0.095 
(+9.74) 
Fish Liver 
Normal fish 
2.268±0.127 
(+9.24) 
1.956+0.024 
(-5.78) 
Infected fish 
4.323+0.067 
(+9.11) 
4.080+0.020 
(+2.97) 
Fish Intestine 
Normal fish 
1.402+0.226 
(+73.38) 
1.165+0.037 
(+44) 
Infected fish 
0.402+0.132 
(-19.6) 
0.345+0.065 
(-31) 
All the values are mean of three different replicates. 
+ SEM 
(+) in parenthesis indicates % activation 
(-) in parenthesis indicates % inhibition 
All the values are calculated at p<0.05 significant level. 
Table 6: Effect of enzyme modulators on GPT enzyme 
Enzyme 
Modulators 
lodoacetamide 
EDTA 
Clinostomum 
complanatum 
(metacercariae) 
2.286±0.408 
(+110.69) 
1.900±0.648 
(+75.11) 
Fish Liver 
Normal fish 
0.027+0.006 
(+96.4) 
0.813+0.235 
(+5.72) 
Infected fish 
0.166+0.026 
(-92.79) 
2.236+0.427 
(-14.8) 
Fish Intestine 
Normal fish 
0.931+0.091 
(+10.3) 
1.813+0.066 
(+114.8) 
Infected fish 
0.786+0.160 
(+84.9) 
1.627+0.200 
(+282.8) 
All the values are mean of three different replicates. 
+ SEM 
(+) in parenthesis indicates % activation 
(-) in parenthesis indicates % inhibition 
All the values are calculated at p<0.05 significant level. 
Table 7: Effect of enzyme modulators on alkaline phosphatase enzyme 
Enzyme 
Modulators 
lodoacetamide 
EDTA 
Clinostomum 
complanatum 
(metacercariae) 
0.300±0.090 (-
42.6) 
0.136±0.009(-
73.8) 
Fish Liver 
Normal fish 
0.109±0.003 
(+30.8) 
0.054±0.001 
(-34.6) 
Infected fish 
0.022±0.003 
(-75.11) 
0.087±0.011 
(-2.7) 
Fish Intestine 
Normal fish 
0.604±0.276 
(-70.9) 
1.022±0.030 
(+53.5) 
Infected fish 
1.563+0.002 
(+3.9) 
0.313+0.007 
(+79.1) 
All the values are mean of three different replicates. 
+ SEM 
(+) in parenthesis indicates % activation 
(-) in parenthesis indicates % inhibition 
All the values are calculated at p<0.05 significant level. 
Table 8: Effect of enzyme modulators on acid phosphatase enzyme 
Enzyme 
Modulators 
lodoacetamide 
EDTA 
Clinostomum 
complanatum 
(metacercariae) 
6.630±0.152 
(+58) 
4.486±0.475 
(+22) 
Fish Liver 
Normal fish 
4.409+0.225 
(+80.6) 
2.752+0.055 
(+12.7) 
Infected fish 
3.376+0.329 
(+8.4) 
3.735+0.065 
(+19.9) 
Fish Intestine 
Normal fish 
5.816+0.501 
(+49.5) 
2.786+0.081 
(-14.2) 
Infected fish 
2.937+0.149 
(+108) 
0.920+0.066 
(-34.6) 
All values are mean of three different replicates. 
+ SEM 
(+) in parenthesis indicates % activation 
(-) in parenthesis indicates % inhibition 
All the values are calculated at p<0.05 significant level. 
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Figure: - 9 Effect of enzyme modulators (iodoacetamide and EDTA) on the activity 
of GOT in parasite and different tissue samples of infected and normal fish. 
GOT^^ Glutamate oxaloacetate transaminase 
LIF : indicates liver of infected fish 
LNF: indicates liver of normal fish 
II F: indicates intestine of infected fish 
INF: indicates intestine of normal fish 
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Figure: -10 Effect of enzyme modulators (iodoacetamide and EDTA) on the activity 
of GPT in parasite and different tissue samples of infected and normal fish. 
GPT—» Glutamate oxaloacetate transaminase 
LIF : indicates liver of infected fish 
LNF: indicates liver of normal fish 
IIP: indicates intestine of infected fish 
INF: indicates intestine of normal fish 
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Figure: -11 Effect of enzyme modulators (iodoacetamide and EDTA) on the activity 
of Acid phosphatase parasite and different tissue samples of infected and normal fish. 
LIF : indicates liver of infected fish 
LNF: indicates liver of normal fish 
IIP: indicates intestine of infected fish 
INF: indicates intestine of normal fish 
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Figure: -12 Effect of enzyme modulators (iodoacetamide and EDTA) on the activity 
of Alkaline phosphatase in parasite and different tissue samples of infected and 
normal fish. 
LIF : indicates liver of infected fish 
LNF: indicates liver of normal fish 
IIP: indicates intestine of infected fish 
INF: indicates intestine of normal fish 
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iodoacetamide while 14.8% inhibition in GPT activity was observed in the liver of 
infected fish in presence of EDTA. 
Acid and Alkaline phosphatases: - The activity of alkaline phosphatase was found to 
be elevated in the liver of normal fish in presence of iodoacetamide by 30.8% as 
compared to control while EDTA showed 34.6% inhibition in case of liver of normal 
fish. 
EDTA and iodoacetamide both showed inhibition of alkaline phosphatase in the liver 
of infected fish. It was observed that iodoacetamide reduced alkaline phosphatase 
activity by 75.11%, while EDTA reduced the enzyme activity by 2.7%. 
Effect of enzyme modulators like on transaminases as well as acid and alkaline 
phosphatases recorded in the intestine of infected as well as normal fish host 
(Trichosaster fasciatus) :.r 
Transaminases: - During the present study, influence of enzyme modulators on 
tranaminases (GOT, GPT) and acid as well as alkaline phosphatase was recorded 
using normal and infected tissue samples of host intestine. 
In intestine of normal fish, iodoacetamide and EDTA both stimulated of GOT 
enzyme activity showing 73.38% and 44% respectively while iodoacetamide and 
EDTA showed 19.6% and 31% inhibition respectively in GOT enzyme of infected 
tissue of intesfine.'"''^ 
Further it was observed that iodoacetamide and EDTA elevated enzyme 
activity by 10.3% and 114.8% activation respecfively in the intestine of normal fish. 
In intestine of infected fish, iodoacetamide showed 84.9% activation in the activity of 
GPT enzyme and high level of activation of about 282.8 fold reported on using EDTA 
in the activity of GPT enzyme. ^ 
Acid and alkaline phosphatases: - Iodoacetamide showed about 70.9% inhibition of 
alkaline phosphatase enzyme only in case of intestine of normal fish, while both 
modulators elevated alkaline phosphatase enzyme in the intestine of infected fish and 
intestine of normal fish in presence of EDTA. It showed about 53.5%) stimulation in 
intestine of normal fish while 3.9% activation was shown by iodoacetamide in 
intestine of infected fish. EDTA showed 79.1% activation in the activity of alkaline 
phosphatase enzyme. 
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Lastly, it was observed that treatment of iodoacetamide activated acid 
phosphatase enzyme activity in intestine of normal as well as of infected fish. About 
49.5% activation of acid phosphatase enzyme activity was shown in intestine of 
normal fish, and 108 fold activation of acid phosphatase enzyme activity was shown 
in infected fish intestine. The EDTA reduced acid phosphatase enzyme activity both 
in normal (14.2%) as well as infected (34.6%) fish intestine. 
Thus, it can be concluded fi-om the present findings that effect of enzyme modulators 
on transEiminases and phosphatases cannot be generalized for any particular host and 
parasite tissue. 
SDS-PAGE (Sodium dodecyl sulphate Polyacrylamide Gel Electrophoresis):-
For the analysis of specific polypeptides, SDS-PAGE was performed. The 
electrophoresed gels were stained with Coomassie Brilliant Blue R-250. The analysis 
of resolved polypeptides revealed a variable profile in the molecular weights of 
proteins in normal and infected tissues of the host as well as in the progenetic 
metacercariae of Clinostomum complanatum. 
The results of protein profile are summarized in Table 9, and Figure 13. 
In brief, the polypeptide profile of metacercariae of C. complanatum revealed 12 
polypeptide bands with molecular weights of 135,125,104,90,70,49,38,27,22,18,16, 
and one polypeptide of <16 kDa. 
The SDS-PAGE data of infected and normal tissues of Trichogaster fasciatus 
fish revealed striking differences in total number of protein bands as well as their 
electrophoretic mobility. It was noticed that the total number of polypeptides 
decreased in infected fish liver (11 polypeptides) and intestine (13 polypeptides) as 
compared to normal fish liver (14 polypeptide) and intestine (15 polypeptide) 
respectively. The molecular weight range of resolved polypeptides of host origin was 
observed between 18-147 kDa. -
Further, it was observed that less number of high molecular weight 
polypeptides were (>50 kDa) resolved in infected liver (5 polypeptides) as compared 
to normal liver (7 polypeptides). Similarly, 5 polypeptides were resolved in infected 
intestine as compared to normal intestine (9 polypeptides).During the present study, 2 
(147,37 kDa) and 6 (147,114,64,54,45,16 kDa) polypepfides were found common in 
liver and intestine of the fish respectively. While 10 and 7 polypeptides were specific 
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to infected liver and Jntestine„in contrast to 12 and 9 specific polypeptides of normal 
liver and intestine respectively. These results clearly show that generalization is not 
possible in terms of polypeptide profiling of the infected and normal tissues of the 
Trichogaster fish. Thus it can be concluded that parasitic infection affects protein 
expression in host tissues. ""? 
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Table 9: SDS-PAGE results showing different number of polypeptides in 
metacercariae of Clinostomum complanatum, liver and intestine of infected and 
normal fish. 
Parasite/ Tissues 
Clinostomum 
complanatum 
finetacercariae) 
Normal fish liver 
Infected fish 
liver 
Intestine of 
normal fish 
Intestine of 
infected fish 
Total no. of 
polypeptides 
12 
14 
11 
15 
13 
Molecular weight of polypeptides 
(kDa) 
135,125,104,90,70,49,38,27,22,18,16 and <16. 
147,132,114,106,98,56,55,48,45,37,31,26,18 and 
<16. 
147,110,102,64,52,44,37,32,27,19 and 17. 
182,147,132,114,104,88,76,64,54,45,37,27,22,19 
and 16. 
147,114,90,64,54,45,34,29,24,21,17,16 and <16. 
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Figure: - 13 SDS-PAGE polypeptide profile of normal and infected fish liver, 
intestine and metacercariae of Clinostomum complanatum. 
S: Standard molecular weight marker 
1: indicates liver of normal fish 
2: indicates liver of infected fish 
3: indicates intestine of normal fish 
4: indicates intestine of infected fish 
5: indicates metacercariae oi Clinostomum complanatum. 
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DISCUSSION 
The present findings revealed that infection caused by the progenetic 
mgtacercariae (larva) of Clinostomum complanatum induced metabolic alterations j n 
liver and intestine of Trichogaster fasciatus, which serve as second intermediate host. 
The metacercariae of C. complanatum found in the peritoneal cavity also caused some 
physiological changes in the liver and intestine of the host during the present study. 
In general the protein content in infected host tissues was depleted. 
Pronounced depletion in protein content was noticed in liver and intestine of infected 
forage fish as compared to tissues of normal fish. Our finding is in agreement with 
Chopra et al, (1983). Loss of protein contents in the host tissues due to the parasitic 
infections .has also been reported by Kuttler and MarbleJ 1^ 960}^  .Turner and Wilson 
(1962) Joshi (1977)'and Uppal and Rai (1978).The protein was observed to be 
significantly low (p<0.05) in liver and intestine of infected fishes during the present 
study. 
In order to perform various metabolic processes, an organism requires a 
supply of energy which is obtained by breakdown of a number of macromolecules 
like carbohydrate, lipids and proteins which are ultimately incorporated into 
intermediates of the TCA (Tricarboxylic acid) cycle. The integration among the 
metabolic pathways of these macromolecules is under the control of several enzymes, 
and among these enzymes aminotransferases serve as an important link between 
carbohydrate and protein metabolic pathways. Some helminths incorporate ammonia 
directly into pyruvate and 2-ketoglutarate to form alanine and glutamate respectively. 
Thus, amino acids are readily metabolized by transamination and are very important 
because they interact with pathways of energy metabolism, catalysed by 
aminotransferases. Pathophysiological study includes the effect of parasite on 
enzymes like GOT, GPT, alkaline phosphatase and acid phosphatase which are 
commonly known as pathological marker enzymes. Aspartate transaminase (AST), 
also called as serum glutamic oxaloacetate transaminase (SCOT) or aspartate 
aminotransferase (AST) is an enzyme associated mainly with liver parenchymal cells. 
It is raised in acute liver damage, but is also present in red blood cells, cardiac and 
skeletal muscle and is therefore not specific only to liver. AST enzyme has also been 
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used as a cardiac marker. Alanine transaminase (ALT) also called serum glutamic 
pyruvate transaminase (SGPT) or Alanine aminotransferase (ALT) is an enzyme 
which is present in hepatocytes (liver cells) and when the cells are damaged it leaks 
this enzyme into blood where it can be measured and the degree of damage can be 
determined. ALT is raised dramatically in acute liver damage such as viral hepatitis 
etc. 
Alkaline phosphatase (ALP) is another important enzyme present in the cells 
lining biliary ducts of the liver. Generally ALP level in plasma increases due to duct 
obstruction, intrahepatic cholestasis or infiltrative diseases of the liver. It is also 
present in bone and placental tissues. 
GOT (L-Aspartate 2-oxoglutarate aminotransferase E.G. (2.6.1.1) has been 
demonstrated in all animal and human tissues including microorganisms, most active 
in heart, muscles, brain, liver, gastric mucosa, adipose tissues, skeletal muscle, kidney 
etc. and finally serum with considerable smaller amounts. 
GPT (EG 2.6.1.2) also found in liver, kidney, heart, skeletal muscle, pancreas, lung 
and serum. 
The GOT and GPT enzymes play a key role in transferring amino group of 
amino acids from alpha amino acid to alpha-keto acids, therefore named as 
transaminases, stored mostly in liver. QOT enzymes mainly exist in liver and 
myocardium and in fewer amounts in kidney and pancreas. 
Phosphatases catalyse the hydrolytic cleavage of phosphoric acid esters. They 
are designated either "acid" or "alkaline phosphatases" according to their pH optima. 
Alkaline phosphatases (orthophosphoric monoester phosphohydrolase, alkaline 
optimum E.G. (3.1.3.1) occur in all animal and human tissues. Bile and osteoblasts 
show particularly high activity of these enzymes and their raised values in serum 
always arises due to diseases accompanied by involvement of liver or bile ducts. 
Acid phosphatases (orthophosphoric monoester phosphohydrolase, acid 
optimum, E.G. (3.1.3.2) are also found in all animal cells and its high activity found 
in erythrocytes. The diseased condition caused by the parasite Clinostomum 
complanatum in fishes mark the presence of these enzymes in parasites and affected 
organs such as liver and intestine of the fish. Alkaline phosphatase is a hydrolase 
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enzyme responsible for removing phosphate groups from many types of molecules, 
including nucleotides, proteins and alkaloids. The process of removing the phosphate 
group is called as dephosphorylation. It is most effective in an alkaline environment. 
When body tissue ©r an organ such as heart or liver is diseased or damaged 
additional AST is released into the bloodstream. The amount of AST in blood is 
directly related to extent of tissue damage. After severe damage, AST levels rise in 6-
10 hours and remain high for about 4 days. The ratio of AST to ALT sometimes may 
help to determine whether the liver or another organ has been damaged. Both AST 
and ALT levels can be used as a test for liver damage. 
It is done to: 
(1) Check 1 i ver damage. 
(2) Help to identify liver diseases. 
(3) Check on success of treatment for liver disease. 
(4) Find out whether any disease is caused by blood disorder or due to 
liver disease. 
Considering the significance and important roles of the transaminases as well as 
phosphatase enzymes (Acid and alkaline phosphatases) during diseased condition, 
present study was designed to check the extent of pathological damage in the 
Trichogaster fish which was chosen as a model fish host. GOT, GPT, acid as well as 
alkaline phosphatase enzymes are considered as important pathological marker 
enzymes in higher animals. Determination of these pathological marker enzymes 
become an established diagnostic procedure during the last two or three decades. 
Particularly, the transaminases can give important hints in evaluating the possible 
existence of necroses, diagnoses of certain disease related to any infection and 
conditions increasing permeability. Increased transaminase level evidently is a 
common occurrence from protozoa to helminthic infections (von Brand, 1979)^ . 
In the present study, GOT, GPT, Alkaline and Acid phosphatases enzyme 
levels were determined in parasite as well as in liver and intestine of infected fishes 
and compared with non-infected fish. 
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We observed that level of Jhese enzymes was elevated in parasitized 
Trichogaster liver as compared to normal liver tissues. In contrast the level of GOT 
and GPT enzymes in normal intestine of Trichogaster fasciatus was found higher as 
compared to intestine of parasitized Trichogaster during the present study. Similarly 
elevation of acid and alkaline phosphatase enzymes was observed in the liver of 
parasitized Trichogaster. The elevation of acid and alkaline phosphatase enzymes has 
also been reported in Schizothorax species (Chopra et ah, 1986) infected by 
metacercariae of Diplostomum tetrai which infest skin, gills, fins and operculum of 
this species. Although the results varied in case of intestine of parasitized 
Trichogaster fasciatus, the level of acid as well as alkaline phosphatases was found to 
be elevated in intestine of normal Trichogaster rather in parasitized fish. 
On comparing transaminases activity the level of GOT was found to be higher 
than GPT in Clinostomum complanatum metacercariae which is a causative agent of 
pathological changes in the Trichogaster fish. In other trematodes like adult 
Fasciolopsis buski higher level of GOT than GPT have been reported by Tandon and 
Mishra (1984). Higher GOT level was also observed in Hymenolepis nana by Abusen 
(1966) in Stephenurus dentalus and in F. buski by Sharma and Singh (1977). 
In the present study, level of acid and alkaline phosphatase enzymes was 
found to be significantly higher (p<0.05) in the liver of diseased fishes. This may be 
attributed to the fact that phosphatases play an important role in active transportation 
of materials through phosphorylated intermediates (von Brand, 1973). Therefore the 
high metabolic activities might have raised the levels of phosphatases in liver during 
infection. But the depleted level of these enzymes in intestine of infected fishes 
suggest that during infection, the metabolic activities might have been lowered 
leading to secretion of low amount of enzymes in intestine as compared to intestine of 
normal fish which is not in accordance with von Brand, (1973). The activity of acid 
and alkaline phosphatases has been studied in liver and blood serum of Schizothorax 
richardsonii fish, infected with black spot disease by Chopra et al, (1986). The data 
showed that in infected fishes there was significant increase of acid and alkaline 
phosphatase in the liver. 
It can be concluded from the above discussions, that the nature and degree of 
effects cannot be generalized and these are related to a number of factors which 
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include degree of infection, size and age of the host, developmental pattern of the 
larvae and the physiological condition of the organs invaded. Pathological changes 
occurring in the host may also involve a range of parasitic larval stages differing in 
their physiological requirements, mode of feeding and morphological complexities. 
Further, the host-parasite relationship becomes more complex because of a regular 
flux in climatic conditions which ultimately affect the physiological as well as 
nutritional state of the host. The exact nature of this relationship therefore, varies as 
the life cycle unfolds and progresses from host to host (Erasmus, 1972). Therefore, it 
would be stated that during infection host show adaptive elevation in the activity 
levels of GOT and GPT enzymes, particularly in liver thereby aiding gluconeogenesis 
through transamination of glucogenic amino acids to meet the energy demand under 
state of infection. 
The available information on transaminases indicates that these enzymes occur 
in polymorphic forms (von Brand, 1979) and respond differently to metabolic 
inhibitors or stimulators (Siddiqui and Nizami, 1982). Enhancement of GOT and GPT 
activities by EDTA have been reported in parasitic nematode, Bunostonum 
trigonocephalum and T. ovis by Gupta and Trivedi (1986). While iodoacetamide 
appeared as a weak inhibitor or had no effect on the activity level of GOT and GPT, 
(Goil, 1978) but our findings suggest that iodoacetamide, in most of the cases acted as 
stimulator for GOT and GPT activity. 
Goil (1978) reported that EDTA acts as activator for both GOT and GPT in 
Paramphistomum explanatum which is an amphistome parasite. In the present study, 
similar response of GOT and GPT in presence of EDTA was observed in the 
metacercariae of C. complanatum. The presence of transaminases have been 
demonstrated in some helminth species such as Hymenolepis diminuta (Aldrich, et al, 
1954, Goodchild, 1958 and Werthein, et a/., 1960) Schistosoma mansoni (Garson and 
Williams, 1957), S. japonium (Huang, et al, 1961) and in Fasciola hepatica 
(Daugherty 1952; Connolly and Downey, 1968). In the present study it has been 
observed that iodoacetamide serves as a stimulator of GOT in the liver of normal and 
infected fish, while it acts as an inhibitor of GPT in liver of infected fish. Further, the 
iodoacetamide activated GPT activity in liver of normal fish. In intestine of infected 
fish both EDTA and iodoacetamide observed to be as an inhibitor of GOT but in 
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intestine of normal fish both EDTA and iodoacetamide acted as stimulator of GOT, 
while EDTA appeared as a strong activator for GPT in intestine of normal and 
infected fish. Further, iodoacetamide was observed as an activator for GPT in 
intestine of normal and infected fish. 
In the present study, EDTA has been observed be as an inhibitor for alkaline 
phosphatase in livers of infected and normal fish which is in agreement with Yora et 
al, (1986). But in intestine, EDTA acted as a stimulator for alkaline phosphatase 
enzyme which is not in agreement with Yora et al., (1986). It can be suggested that in 
liver tissue alkaline phosphatase is more sensitive towards EDTA. Therefore it 
appeared as an inhibitor, while in intestine due to less sensitivity towards EDTA it 
acted as stimulator of alkaline phosphatase. Alkaline phosphatase of liver of normal 
fish was slightly activated by iodoacetamide and iodoacetamide also acted as a 
stimulator for alkaline phosphatase in intestine of infected fish while EDTA inhibited 
acid phosphatases in intestine of infected and normal Trichogaster. 
Apart from pathophysiological and pathobiochemical studies, a monthly 
survey of C complanatum infection in T. fasciatus was recorded. Morphometric 
studies were also performed to observe correlation between worm burden and 
morphological change if any. Data related to parasite prevalence revealed that the 
highest prevalence of infection was found in summer season as compared to winters. 
The highest rate of prevalence was observed in April, June September and October. 
Although highest incidence of infection was observed in summer season but 
somewhat higher prevalence has been seen in other months in winter for e.g. in 
December 83.33% prevalence was observed. Higher parasitic index value has also 
been reported in summer season by Souza and Ludwig (2005). Current data on 
morphometric analysis did not show any correlation between prevalence of parasitic 
infection and morphological changes like the total length, standard length, head 
length, pre-dorsal length and snout length of infected and normal fishes. Therefore 
only determination of the length related factors cannot be an indicator of parasitic 
infection. Similar observation has been reported by Vianna (2001). 
Thus, the variation in length of T.fasciatus does not seem to a valid parameter 
\o determine the parasitic infection. Prevalence of infection can vary due to some 
environmental conditions, or some physiological conditions of the host. 
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In the present study, effect of parasitism was also checked on the polypeptide 
profile. The Coomassie stained gels showed differences in the resolved polypeptides 
in parasite, liver and intestine of normal and infected Trichogaster fasciatus. Analysis 
of SDS-PAGE profile revealed quantitative as well as qualitative variation in the 
expression of polypeptides. The polypeptides resolved may be categorized as 
common polypeptides, specific and variable polypeptides. We reported 132 and 114 
kDa as "conserved polypeptides". It was observed that parasitism affected expression 
of polypeptides. The infected tissues expressed low number of polypeptides as 
compared to normal tissue samples. 
Thus, we can conclude that helminth infections damage tissue and alter the 
physiology and biochemistry of the host. Screening a wide variety of biomolecules 
can predict the degree of pathological damage and establish basis for host-parasite 
relationship. In future, histopathological studies can provide strong evidences related 
to physiological, biochemical and immunological disturbances. Consequently, 
opening some new chemotherapeutic targets to control parasitic infections. 
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